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1
Introduction
During the RAN#62 meeting the new Work Item on Further enhancements to Enhanced Uplink has been approved [1]. The Work Item Description contains a list of identified areas on which the work should focus. This contribution aims at describing the basics of technology addressing point a) below [1]:
Introduce enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios. Three main areas are identified:

a) DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization)
b) Improved granting:

Improved granting for secondary carriers and TDM operation

c) Improved power control after long DTX gap on secondary uplink frequency, if performance issues due to long data interruption are found.

During the study item phase CPC in DC-HSUPA setup was investigated to enable high data rate, high-RoT operation with little-to-no own cell interference on one carrier and maintain traditional RoT target and operation on another frequency layer. This contribution looks further to this direction and suggests possible direction for standardization.
2
Discussion
2.1
UL DTX operation with DC-HSUPA in Rel-9

As per the Rel-9 specifications UL DTX with DC-HSUPA uses common parameterization for the two carriers – the UL DPCCH burst following the DPCCH burst pattern always takes place at the same time on both carriers, but the switching between DTX cycle 1 and cycle 2 is carrier specific. UL DTX is either active or inactive on both carriers, although it is of course possible to completely deactivate the secondary uplink carrier without impacting the primary carrier operation.
The motivation for the Rel-9 behaviour was based on the following reasons:

· 
The two uplink carriers are adjacent to each other and thus have similar properties in what comes link maintenance, hence common parameterization was justified.
· 
The two uplink carriers are associated with corresponding DC-HSDPA carriers, which are synchronized and transmitted by the same Node B, leading to the fact that the two uplinks are also synchronized.
· 
There is no significant UE power saving (assuming a single 10 MHz PA design) from gating one carrier, but transmitting DPCCH on another, hence maximum alignment of the DPCCH burst was sought of.

· 
Independent DTX state machines were designed in order not to cause a transmission on one carrier to force the other carrier from DTX cycle 2 to DTX cycle 1.
2.2
Potential extensions to UL DTX with DC-HSUPA

The design for common UL DPCCH burst pattern for the two uplink carriers did not consider the transmission of the DPCCH burst as unnecessary overhead as it was to be used for power control and synchronization maintenance purposes, and if there was no need for the secondary uplink carrier, it could be dynamically turned off and on again with a HS-SCCH order.

During the study item the desire to eliminate the interference caused by DPCCH bursts to active data transmission when operating the carrier in a pure TDM fashion was voiced. In addition to using HS-SCCH orders to activate the secondary carrier to one UE at a time only, at least the following extensions to DTX operation can be envisioned

1. 
The UE would not transmit DPCCH bursts on the secondary carrier – the DPCCH would only be transmitted on the secondary carrier if E-DCH is transmitted on that carrier.
2. 
The UE would not transmit DPCCH burst on the secondary carrier if that carrier is scheduled with zero grant.

3. 
The DTX cycles of the two carriers could be parameterized independently, allowing for configuring a longer DTX cycle for the secondary uplink carrier.

4. 
The secondary uplink carrier HS-SCCH activation/deactivation order latency is reviewed and potentially tightened.
Option 1 would be very simple extension to UL DTX with DC-HSUPA with the drawback that the Node B does not have control over if/when the DPCCH bursts are sent.
Options 2 and 4 are leading to similar functionality, with the main difference that with option 2 the UE gets a grant for the secondary carrier with the message that turns the transmissions on. These options don’t appear to be any more complex than option 1, but the Node B retains more control.
Option 3 would be fairly simple, but would require additional parameterization with potentially including a DTX cycle 1 or 2 value of infinity to allow total elimination of the burst, however option 3 does not appear to provide any clear benefits over options 1, 2 or 4.

Option 4 without any modifications to the HS-SCCH order timeline is available in Rel-9, and as such is the solution compatible with all DC-HSUPA UEs.
3
Conclusion
This contribution briefly looked at a few options on how the UL DTX could be extended to provide lean carrier operation for DC-HSUPA secondary carrier. It appears that full separation of the UL DTX configurations of the two carriers not necessary to reach the desired outcome. More direct methods disabling the independent DPCCH bursts on secondary carrier when needed are available. 
Proposal: If the HS-SCCH order based secondary carrier activation/deactivation is considered insufficient, consider extending the uplink DTX operation with DC-HSUPA so that stand-alone DPCCH bursts may be eliminated from the secondary carrier, e.g. when the secondary carrier is scheduled a zero grant over E-AGCH.
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